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157) A method for forming a silicone polymer insu- 
lation dim having low relatrve d.electric constant, high 
thermal stability and high humidity-** ^e c^a sem- 
iconductor substrate is applied to a plasma CVD appa 
ra tus The first step is direct* vaporizing a siHcon-con- 
,a.n,ng hydrocarbon compound expressed by the gen- 

,. i, c; nr h la B x and y are integers) and 
eral formula S^OpC,^ (a, p. *, <»< y = 

men introducing the vaporized compound to the reac 


„on chamber of (he plasma CVD apparatu The »hcon 
containing hydrocarbon compound has at most two O- 
C h! , Son* and at least two hydrocarbon radicals 
bo^S to the silicon. The next step is introducing add, 
„ ve gas into the reaction chamber The res-dence me 
of the matenal gas is lengthened by reducing he total 
„ow of the react,on gas. in such a way as to forme a 
silicone potymer film having a micropore porous struc- 
ture with low relative dielectric constant 


Fig. 1 
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Description 


RACKGROUND OF THE INVENTION 


Field of the Invention 
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roooil Th.s .nvent.on relates generally to a semiconductor techn.que and more particularly to a s.lcone potymer 
,nsulat,on film on a sem.conductor substrate and a method tor forming the f.lm by us.ng a plasma CVD (chemcal vapor 


deposition) apparatus 
Description of Related Art 


[00021 Because of the recent rise in requirements for the large-scale integration of semiconductor devices, a multi- 
layered wiring technique attracts a great deal of attention. In these mutti-layered structures, however. capac«ance 
is among indivKiual wires hinders h,gh speed operations In order to reduce the capacitance « ,s ~eas»ry to reduce 
relative dielectric constant of the insulation film Thus, various materials having a relatively low relate dielectric con- 
stant have been developed for insulation films. 

100031 Conventional silicon oxide films S.O x are produced by a method m which oxygen Oj or nitrogen oxide N z O 
is added as an oxid,zing agent to a silicon mater.al gas such as SiH 4 or Si(OC 2 H 5 ) 4 and then processed by heat or 

20 Dlasma enerqy Us relative dielectric constant is about 4 0. 

[0004] Alternatively, a fluormated amorphous carbon film has been produced from as a material gas by a 

Dlasma CVD method Its relative dielectric constant e is as low as 2 0-2 4 

(00051 Another method to reduce the relative dielectric constant of, msulaton film has been made by using the good 
stability of SiO bond A silica-containing organc film is produced from a material gas under tow pressure (1 Torr) by 

a the pfcsma CVD method. The material gas is made from P-TMOS (phenyl tnmethoxysilane. ^ u, ^»- ^ » J 
compound of benzene and silicon, vaporized by a babbling method. The relative dielectric constant e of th.s film ,s as 

low as 3 1 



(D 


100061 A further method uses a porous structure made in the film. An insulation film- « produced from an morgan* 
SOG material by a spin -coat method. The relative dielectric constant e of the film is as low as 2.3. 

100071 However, the above noted approaches have various disadvantages as descnbed below^ 

£on FiTth. fluormated amorphous carbon film has lower thermal stability (37CC). poor adhesion with srteon- 
Sing Steals and also lower mechaneal strength The tower thermal stability leads to damage under high tern- 
pSrTs S as over 400-C. Poor adhesion may cause the film to pee. off easily. Further, the tower mechanical 

S h SSrSrSSSS u*ng P-TMOS molecules do no, form a l.ear structure ,n * .^has. 
lucTas a s.toxane structure, because the P-TMOS molecule has three 0-CH 3 bonds. The oligomers haying no linear 

form a porous structure on a S. substrate. , e . the densrty of the deposited film cannot be reduced 
As a result the relative dielectric constant of the film cannot be reduced to a desired degree. 
1001 01 in Z regard, the babbling method means a method wherein vapor of a liquid material, which « chained by 
2 a earner gafsuch as argon U pass through the mater*,. . introduced into a -^n*er w h he carrier 
oas This method Generally requires a large amount of a carrier gas in order to cause the material gas to flow As a 
SlIX^V^noTU me "eacton chamber tor a sufficient tength of .me .0 cause polymenzaton ,n a 

Sl Ph Fu e r,her the SOG insulate film of the spm^oat method has a problem in that the matenal cannot be applied 
cTthe sice substrate evenly and another problem in wheh a cure system after the coat.ng process ,s costry 

Obiect of the Invention 

[0012] It is, therefore, a prncipa. object of this invention .0 provde an improved insulation film and a method for 
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, , . ^ rpiative dielectric constant. 

KL. d.electr. constant w,thou< requ.nng an expense dev.ce 

§mm<ofji^mm ctor substrate 

,00,6, One aspect o, th,s — .nvolves a «^ a step o. d.rect* vaporing 

E Sg a Plasma CVD apparatus inelufrg a ^r^JJ^SSnu,, S^C.H, (a. p. x. and y are .n.egers) 
a V s con^ning hydrocarbon compound a step ofVoduang - adda.ve 9^ 

and then producing it to the react.on chamber of the plasm* ^ PP a|sQ g slep o( 1orming an .nsula.ion 

f he f ow volume of Sh.ch i. substantially reduced^ ^ *^ erein m.xed gases made from the vapored 

thermal desorption test. 

DT ,™ HP THE ninrnrr .,TC^TMP INVENTION 

Baeie Aepect. OYnr8Ssad as the general formula 

carbon compound includes at least one 

R1 

' (2) 
QH^-O-Si-O-CJH^, 

I 
I 

R2 


40 


45 


SO 
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serein R1 and R2 are one of CH 3 . C 2 H 3 . C 2 H S , C 3 H 7 and C 6 H 5 . and m and n are any integer 

Stt4 Except for the speces ,nd,ca<ed above the s.hcon^ta.nmg hydrocarbon compound can .nc.ude a. least 

one speces of the compound expressed by me chemtal formula (3) as follows 


R1 


RS-Si-O-QH,,,,, (3) 

10 

I 

R2 

ts where,n R1 R2 and R3 are one of CH 3 . C 2 H 3 . C 2 H 5 . C 3 H 7 and C 6 H 5 . and n is any integer , . al la _ 

Except for those speces indeed above, the ,ilicon«ontaininQ hydrocarbon compound can .nc.ude a. leas, 
one speces of the compound expressed by the chemeal formula (4) as follows: 

R1 R3 

I I 

C n H 2n+l - O-Si-O-Si-O - Q,H Jm „ (4) 

2S I 1 

R2 R4 

, „ M . « u n w r W p and C-He and m and n are any integer 

at least one speces of the compound expressed by the chemcal formula (5) as follows. 

R1 R6 

35 I I 

I I 

R2-Si-0-Si- R5 (5) 

I s 

R3 R4 

. nu r ui r m CH-and C*Hc and the additive gases are argon 
wherein R1 R2. R3, R4 ( R5 and R6 are one of CH 3 , C 2 H 3( C 2 H 5 , C 3 H 7 ana u 6 n 5 , ano 

JcU. at ■> on. wo.. <X M «W»™> •>P»«« I >» •» l0, ™" a < 6 ' " ,0 "° WS 

I 

R2 - Si - R4 < 6 > 
I 

R3 

. r u rH rH c,H, and C.Hc and the additive gases are argon (Ar), Helium 
wherein R1 , R2. R3 and R4 are one ol CH 3 , C 2 H 3 , C 2 M 5 , c 3 m 7 ana u 6 n 5 , « 


40 


45 


SO 
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(He) and either nitrogen ox.de (N 2 0) or oxyger U0 2 ) sl , IC0n<0 nta.n l ng hydrocarbon compounds in- 

[0028] Stilt further, the material gas can include at least one ot saia sntcon w y t 

t££ ^accordance w„h another aspect o. th,s invention, an ,nsu,at,on film . formed on a substrate and the film 
LT* J"/ed w,.h pfcsma energy ,n a piasma CVD apparatus by using a ma.er, a , gas mduding a s,lcon<on,a,n,ng 

^ZZZZ:*^™^ - a substrate and the ,„m ,s polymerized w„h plasma energy, a 
pSa C^D apparatus by us,ng a material gas including a silicc^ontainmg hydrocarbon compound expressed by 

Si* further .he insulate (,1m is formed on a substrate and the film is polymenzed with plasma energy ,n a plasma 
C^D apparatus by using a matenal gas including a sKcon^ontainmg hydrocarbon compound expressed by formula* 
SSzWurtSeS^ the insulat.cn f,lm ,s formed on a substrate and the film is polymer-zed wrth plasma energy* a 
pfcsma C^D apparatus by us,ng a material gas including a s„.on<onta,n,ng hydrocarbon compound expressed by 

ST 5 Still further the insulation film is formed on a substrate and the film is polymerized with plasma energy ,n , a 
pSL CVD apparatus by us,ng a materia, gas ,nc.ud,ng a si.con-contammg hydrocarbon compound expressed by 

EST 6 m accordance with a further aspect of this -nven.ion, a material for ,orm,ng an insulation fihr ^JP'* « 
SS phase in .he vein* of a substrate and .s treated ,n a plasma CVD apparatus to form the M uMon Mm on me 
substrate bv chem.cal reaction, and the matenal is further expressed by formula 2 ^ , , 0 „ hctfato 

S Add^ally. a materal for forming an insulation film ,s supplied ,n a vapor phase in the v,c,n1y o ar substrate 
Streatd in a plasma CVD apparatus to form the ,nsula„on Mm on me substrate by chemical reaction, and the 

SSf' ^ -u.tion „,m ,s supplied ,n a vapor phase in the v,c,n„y o, a substrate and 

E2L£ I a plma CVD apparatus to form the -nsufc.ion „,m on the substrate by chemca. reaction, and the mater.. 

^Z^S^Ut* forming an ,nsufc„on film ,s supplied ,n a vapor phase «h e.ther nitrogen oxk* 
o7or oCnP ) asTn ox,d,z.ng agent In the vcmtty of a substrate and is treated in a plasma CVD apparatus o 
£m^L«3L£C«ln sad substrate by chemca, reaCon. and this materia, can be the compound expressed by 

M rnZf ail. further a materal for forming an insulation film is supplied in a vapor phase wrth either nitrogen oxide 

pressed by formula 6 
Residence Time and Ga» Flow 

1— ^:^^~or^^^ 

gas in 9 enera \^ o ^^ a h J^^^ e ; n r de s,red deposit^ rate and the area of a substrate on wh.ch a film 
flow necessary for forming a film aepenos on <n B uo - ino mml at a deposition rate of 300 nm/mm. 

per the surface area of J* ^^e p« 200 msec S Rt S 5 sec In a conventions 

described below, a preferred range of Rt is iuu msec ;> mi. "*~»° v * 
plasma TEOS, Rt is generally m the range of 10-30 msec 


50 


Rt[s] = 9 42xi0 7 (Pr.Ts/Ps-Tr)r w 2 cVF 


wherein: 

55 

Pr reaction chamber pressure (Pa) 

Ps standard atmospheric pressure (Pa) 

Tr average temperature of the reaction gas (K) 
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20 


Ts standard temperature (K) 

r radius of the stficon substrate (m) 

d* space between the silicon subs'rate and the upper electrode (m) 
F total flow volume of the reaction gas (seem) 


100401 In the above the residence time means the average pernod of time m which gas molecules stay in the reaction 
chamber The res.dence time (R) can be calculated at Rt=aV/S, where.n V is the capacity of the chamber (cc).S ia 
the volume of the reaction gas (cc/s). and a is a coefficient determ.ned by the shape of the reaction chamber and the 
positional relationship between the inlet of gas and the outlet of exhaust The space for reaction ,n the reaction chamber 
15 d ef.ned by the surface of the substrate (nr*) and the space between the upper electrode and the lower electrode 
Considering the gas flow through the space for reaction, a can be est.mated as 1/2. In the above formula, a is 1/2. 


Basic Effect* 


r00411 In this method, the material gas is. in short, a s,l.con<:ontain.ng hydrocarbon compound including at least one 
Si-O bond at most two 0-C„H 2n4l bonds and at least two hydrocarbon radicals bonded to the siheon (Si) Also this 
material gas ,s vaporized by a direct vaponzatwn method The method results in an insulation film having a low relative 
dielectric constant, high thermal stability and high humidity-resistance. 

r00421 More specifically, the material gas vaporized by the d.rect vaporization method can stay in the plasma tor a 
sufficient length ot time As a result, a linear polymer can be formed so that a linear polymer having the base structure 
(formula 7). wherein the "n" is 2 or a greater value, forms h a vapor phase The polymer is then deposited on the 
semiconductor substrate and forms an insulation film having a micropore porous structure 


25 


30 


X1 


R1 
I 

Si- 
I 

R2 


X2 


(7) 


n 


35 wherein X1 and X2 are 0„C„H o wherein n is 0 or 1 , m and p are integers including zero 

SST The nsulation f/m Zi t'his invents has a relatrvely high stabilrty because rts fundamental structure has the 
S,-0 bond having high bondmg energy therebetween Also, rts relative dielectric constant is > low because rt has a 
mcropore porous structure Further, the fundamental structure (-S,-0-) n has, on both sides, dangling bonds ending 
with ahydrocarbon radial possessing hydrophobic^, and this property renders the hurmdrty-resistance Furthermore, 

<o T^dTa hydrocarbon'Sdical and silicon ,s general, stable For instance, both the bond - 

e S,-CH 3 and bond with benzene, i e , Si-C 6 H S . have a dissocation temperature of 500 C or h gher Since above 
lemc^ductor products requires thermal stability to temperatures above 450'C. that property of the film ,s advan- 

JET Tn^Zt 'Z^L^es o. this invention w„. become apparent Irom *. detailed descr.p.on 
*5 of the preferred examples which follows. 

Outline of Example Structure* 

[00451 Figure 1 diagrammatical, shows a plasma CV0 apparatus usable .n th* invention This apparatus comprises 
so Son is-supplyTng dev.ee 1 2 and a plasma C VD device 1 The reacton gas-supplymg device 1 2 ccxnpnses plural 
1 TcZ rol va'ves 8 disposed ,n the lines 13, and gas .nlet ports 14, 15 and 16 A flow controller 7 ,s connected 
o he ind v^ua, control vafvesS for control.ing a flow of a material gas of a predetermined volume^ plainer ac- 
c^Mng liquid reacting materia. 18 • connected to a vapour 17 that direct, vaporizes lx,u,d. Th.^M 
de^cTnndudes a reacton chamber 6, a gas inlet port 5, a susceptor 3 and a heater 2. A circular -gas drflus,ng p a e 
55 i^s disooted rnmediatery under the gas inlet port. The gas diffusing pbte 10 has a number of fine openings at rts 
^^f^^uea^on gasYo the semiconductor substrate 4 therefrom There ,s an exhaust port 1 1 a. the 
™Z ™Te^ "aZTZ exhaust port 1 1 ,s connected to an outer vacuum pump (no, shown, so that the 
STcfST a on chamber 6 can be evacuated The susceptor 3 ,s placed ,n parallel wrth and -ac.ng the gas 
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,„,., pot s s ™ u ai„o t.om ,h. ,.«lion 6 and " J. , 0 an0 ,„. « usc .p,o. 

5 substrate 4 .hctrat a bv usina the plasma CVD apparatus of 

[0046] A method (or form.ng an .nsulaton Mm on a se 7^ duC ^^'^^^^nds expressed by the 
L .nvemcn comprses a s,ep of d.rec.ly vapor.z.ng s, o. the pfcsma 

general formula S, a 0 & C,H y (a. p, x. and y are integers^ an then "'^^ J ^ me react|Qn chamber 6 

CVD devce 1, a step of inttoduc.no. an add^e gas, ^^^^ p tSS^«rton react.on wherem 

,o and also a step of forming an insu.at.on film on a 'T^^^^SaTis and the add-trve gas. are 
mlX " 9aSCS TT* SEE SltSSS^^-- £■ -o renders a substantia, 

1 5 Material Gaa and Additive Gas 

[0047] ln ,h,s regard, the s,l,on.on,a,n.g hydrocarbon compound «*£^£JZ£££^ SSSS 
Tm. an d y are integers, ,s pre.erab*. "-pound ^J^^^^^Z^ 

at least two hydrocarbon radicals bonded with silicon (Si). More specifically. 


20 


25 


30 


40 


(A) chemical formula 


R1 
I 

CnH^-O-SUO-QH^, (2) 

i 

R2 

*^ u r u r h and C*H C and m and n are any integers, 
wherein R1 and R2 are one of CH 3 , C 2 H 3 , C 2 H 5 . C 3 H 7 ana u 6 n 5 . 

a compound indicated by 
35 (B) chemical formula: 

R1 

I 

R3 - Si - O - QH 2n+1 «) 
I 

R2 


45 


, r-u w r h c.H, and C*H t( and n is any integer; 
wnerem Rl , R2 and R3 are one of CH 3 , C 2 H 3 , C 2 H 5 , C 3 M 7 ana ^ 6 n 5( 

a compound indicated by 
(C) chemical formula: 


50 


55 
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Rl R3 


i i 
i i 


QH 2fl + 1 - O-Si-O-Si- O - QH^, (4) 

I I 
R2 R4 

wherein R1 R2 R3 and R4 are one of CH 3 , C 2 H 3 , C 2 H 5 . C 3 H 7 and C 6 H 5 , and m and n are any integer, 
a compound indicated by 
(D) chemical formula: 

R1 R6 

i I 


R2 - Si - O - Si - R5 (5) 

i 

R3 R4 

25 wherein R1 , R2, R3. R4, R5 and R6 are one of CH 3 , C 2 H 3 , C 2 H 5 , C 3 H 7 and C 6 H 5 , and a mixture of the compound 

with nitrogen oxide (N 2 0) or oxygen (0 2 ) as an oxidizing agent; or 
a compound indicated by 
(E) chemicai formula: 


Rl 

i 

R2 - Si - R4 (6) 
I 

R3 


40 wherein R1 , R2, R3 and R4 are one of CH 3 , C 2 H 3 , C 2 H S , C 3 H 7 and C 6 H 5 , and a mixture of the compound wrth 

nitrogen oxide (N 2 0) or oxygen (0 2 ) as an oxidizing agent 

[0048] Further, it should be noted that the silicon-containing hydrocarbon compound can be any combinations of 

these compounds and mixtures. 
*5 [0049] The addrtrve gases used m this embodiment, more specrficalry, are argon gas and helium gas Argon is prin- 
cipally used for stabilizing plasma, while helium is used for improving uniformity of the plasma and also uniformity of 
thickness of the insulation film. 

[0050] In the method described above, the first step of direct vaporization is a method wherein a liquid material, the 
flow of which is controlled, is instantaneously vaporized at a vaporizer that is preheated This direct vaporization method 
50 requires no carrier gas such as argon to obtain a designated amount of the material gas This drffers greatly wrth the 
babbling method Accordingly, a large amount of argon gas or helium gas is no longer necessary and this reduces the 
total gas flow of the reaction gas and then lengthens the time in which the matenal gas stays in the plasma. As a result, 
sufficient pofymerizmg reactions occur in the vapor so that a linear potymer can be formed and a film having a micropore 

porous structure can be obtained 
ss [0051] In Figure t. inert gas supplied through the gas inlet port 14 pushes out the liquid reacting material 18, when 
is the silicon -containing hydrocarbon compound, to the control vafve 8 through the line 1 3 The controi vafve 8 controls 
the flow of the liquid reacting material 18 with the flow controller 7 so that it does not exceed a predetermined volume 
The reduced silicon -containing hydrocarbon compound 18 goes to the vaponzer 17 to be vaporized by the direct va- 
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. . u Arr^n and hPhum are suoDlted through the inlet ports 15 and 16, respectively, and 
ponzat.on method described ^"J^^^ZZZ* the Catena, gas and ,he add,.rve gases wheh • 
the varve 8 controls the flow volum of < hes « 9 as « The ™£ d9v|ce , T 9 ne between lhe ga S dllus «g 

a reacoo gas. .. .hen supp.ied « ^^ ^ 01 the reaCon chamber 6 which . already evacuated. 
p,a.e 1 0 and the semeonductor »«^a^bo.h Icca ec n de ^ ^ space ^ ^ g 

^rr^Cn^ 

Lain, ag.nl or . racing ^» « ^^^^^^ «. , Z ang.y « wh 
in con*na„on ,n pnKkl.rnMd amounK, tM «««. id « 9" ^™^ZS» "» «*,*«. « 

ciated from the materal compound and floats in plasrna i ne iww o respectively If the 

« con^nd ft. «a = ~ "J^^-ULU i » «— 

material gas having a high ratio of O.Si (e g . or mgnei, h » h-^.o Sl and necessary to form a 

When thfquanUy of oxygen .creases, the organ* 1 add,ng a reducing agen, 

f,lm. are oxid.zed. and as a result, deterioration of the film ,s likely to occur In 9 
such as H 2 and CH 4 to the reacton chamber, the oxygen, partia pres „ ' « P£J" Jjj^ lt Necessary 
t he aboveUza.on of the organc groups In contras wt^n the o* a«»* low M or ^ ^ ^ 

to supply oxygen for formmg a film by adding an ^^'^'J^SS experiment ,n whch me com- 


40 


45 


50 


ss 


Other Aspect* 


,00*, * « a-- -rttZSZZ^^''^^^ 

silicon-containing hydrocarbon compound has formula. 


Si a O B . 1 R 2B . f ,,2< OC « H 2rHl)(l 


.herein a ,s an integer oM.3. P „0. 1.0,2. n s an .teg ™ eTeSSnsta" 
o, an ox,d,z,ng agen, or a reduc.g ^JJ^3T2£ and o«h.r character^ such as 

.ess, preterabty 310 or less, more preferably ^"Wor less) .* a gas m also considered to select an 

Miy of dielectric constant and thermal ^^f^Ji.^Uo * tower than 3 2. an oh*!.* agen, 
ox,d.mg agen, or a reducng ^"^^ST- a ^ fused Further, an *ert ga, such as Ar and He ,s -ex 

—:^zi . ^ - - ^ - .s «, ^ 
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tin* nf a dd,t,ve aas can also vary depending on the plasma CVD apparatus The appropnate flow can be determined 
co S nTm^S^-Snc constant of the silicone polymer ,„m w„h the resrtence ..me of t e reacton gas 
JcomTo eS ot fte material gas and the add,.,ve gas) The longer the resrtence t,me the lower the d»lee re constant 
becomeV A reduction rate of d.electrc constant per lengthened resrtence time » changeable, and alter a certa.n 
5 resTnce tleTe reduction rate of d,elec,r* constant s.gn.ficanlly .ncreases. , e , the d,e.ec,r* constant sharply drops 
SaTerTn" es Jence t*ne of the reacton gas Alter th.s d.elec.r. constant dropp,ng range, the reduCon o dielectnc 
cl . ant stows down Th.s .s very interesting In the present ,nvent.on. by lengthening resOence t,me until reac h ,ng 
hTd e ec t co^tan. dropping range based on a predeterm.ned correction between the dielectr.c constant of ft. Mm 
Lnd the ^Sce urn. o, the react,™ gas. . ,s possible u> reduce the r*uv d.elec.rc constant o, the s.licone polymer 
w film significantly 

EXAMPLES 

[0057] so™ p.....,* .» «.»*«* «• *»»«' rr * *<*• 

The conditions for forming the film are as follows; 

Addrtrve gas Ar and He synthesizing them with each other) 

RF power supply 250W (use the frequency made from 1 3 4MHz ana ajukhz oy by y 

20 Substrate temperature. 400'C 
Reacting pressure 7 Torr 

Vaporizing method direct vaporization ( 
The residence time (Rt) is defined with the following formula. 

25 Rt[s) = 9 42xl0 7 (PrTs/PsTr)r w 2 oVF 

In this formula, each abbreviation indicates the following parameter 
Pr reaction chamber pressure (Pa) 
30 Ps standard atmospheric pressure (Pa) 

l Z^T5Z££C£Z£~" — •»> * — *• — — — — 

upper electrode (m) 

between the flow volume and the relative dielectric constant 


40 


Pr = 9 33X10 2 (Pa) 


Ps= 1 01x10 s (Pa) 


Tr = 273 +400 = 673 (K) 


Ts = 273 (K) 


so r =0 1(m) 


45 


d = 0014(m) 

[0058] Table 1 lists comparative examples and present inventus examples 
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C Ex 1 (P- 
TMOS) 

C Ex 2 (P- 
TMOS) 

C Ex 3(PM- 
DMOS) 

C.Ex. 4(PM- 
DMOS) 


C.Ex. 5(PM- 
DMOS) 


C Ex 6 (PM 
DMOS) 

Ex. 1 (PM- 
DMOS) 


Ex. 2 (PM- 
DMOS) 

Ex. 3(PM- 
DMOS) 


Material Gas 
Flow (seem) 


Ar (seem) 


100 


100 


100 


100 


100 


100 


Table 1 
He (seem) 


100 


70 


775 


550 


100 


70 


Ex. 4(PM- I 

100 

10 

10 

DMOS) I 




Ex. 5 (DM- j 

100 

10 1 

10 

DMOS) I 




Ex. 6 (DM- j 

25 

3 [ 

0 

DMOS) I 




I Ex. 7(DM- 

25 

0 

5 

DMOS) 




I Additrve Gas 


H 2 (sccm) 

CH 4 (sccr 

Change 




I Ex 8(DM- 

100 

20 

f ° 

| DMOS) 




1 Ex 9(DM- 

25 

5 

0 

1 DMOS) 




1 Ex 10 (DM- 

25 

0 

j 5™ 

| DMOS) 





Reaction Gas 
Total Flow 
(seem) 


Rt (msec) 


Relatrve 
dielectric 
constant e 


2100 

24 I 

3 38 j 

120 

412 j 

342 I 

1650 

[ 30 1 

341 1 

1200 

1 41 I 

3 41 1 

960 

I ^ I 

040 1 

720 

68 

3 35 I 

480 

I ^ I 

310 1 

300 

1 ^ T 

2 76 I 

240 

1 

2 64 1 

120 

412 

2 45 I 

120 

I ^ 1 

2^8 1 

28 

1 1764 I 

2 51 1 

30 

j 1647 j 

2 50 1 

120 

"I 412* 

252 I 


1647 

2 49 1 

30 

"1 1647 

2~67 


so 


ss 


Comparative Example 1 

[00591 Material gas P-TMOS (1 00 seem) 
Addrtrve gases Ar (1000 seem) and He (1000 seem) 

Total flow volume ol reactor gas 2100 seem calculated value ot the residence time Rt 
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re parative Example 2 

[0060] Material gas P-TMOS (1 00 seem) 
Additive gases Ar (10 seem) and He (10 seem) 

Total flow volume of reaction gas 120 seem calculated value of the residence time Rt 

r-r= r^:zz:^:^~ ■ - - — - • 3 « 

Comparative Example 3 

[0061] Material gas PM-DMOS (100 seem) 
Additive gases: Ar (775 seem) and He (775 seem) 

Total flow volume of reaction gas: 1650 seem ra i cu iated value of the residence time Rt 

Other cond.t.ons and dev.ces used for forming the film are £^ t ?Z M ^ film to 3 41 

was 30 msec. The conditions in this example reduced the relative dielectnc constant 

Com parative Example 4 

[0062] Material gas: PM-DMOS (100 seem) 
20 Addrtrve gases Ar (550 seem) and He (550 seem) 

Total flow volume of reaction gas 1200 seem calculated value of the residence time Rt 

25 ComoarativQ Example 5 

[0063] Material gas: PM-DMOS (100 seem) 
Additive gas Ar (430 seem) and He (430 seem) 


15 


30 


40 


4S 


SO 


Total flow volume of reaction gas 960 seem calculated value of the residence time Rt 

r—r nzzzzzz . - » — - . - 


Comparative Example 6 

35 [0064] Material gas: PM-DMOS (100 seem) 

Additive gases Ar (310 seem) and He (310 seem) 


Total flow volume of reactton gas: 720 seem calculated value of the residence time Rt 


Example 1 


[0065] Material gas: PM-DMOS (100 seem) 
Additive gases Ar (140 seem) and He (140 seem) 


Total flow volume of reaction gas 480 seem calculated value of the residence time Rt 


Example 2 


ss was 


[0066] Material gas PM-DMOS (100 seem) 
Addrtrve gases Ar (100 seem) and He (100 seem) 

Total flow volume of reactton gas 300 seem calculated value of the residence time Rt 
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Example 3 


[0067] Material gas PM-DMOS (100 seem) 
Additrve gases Ar (70 seem) and He (70 seem) 

was 206msec TK. COMM. m II.. ««amp» M ,.B,». HO: COM, d •» "Umon Mm » 2 64 

Example 4 

o 

[0068] Material gas PM-DMOS (100 seem) 
Additrve gases Ar (10 seem) and He (10 seem) 

Harainafter the results given above w,ll be examined with reference to Figures 2 and 3 F.gure 2 is a graph 
"r™1>»S as a m ,»n.l gas. Rg.-a 3 . . m* ««"» ~ '•««"?* *«» "» " s<M ™ :e "™ H " 

can be controlled to be less than 31 
Example 5 

[0072] DM-DMOS {formula 8) was then tested 

35 

R1 

I 

40 CH, - O - Si - O - CHj < 8) 

I 

R2 


45 


50 


Material gas DM-DMOS (100 seem) 
Addrtwe gases Ar (10 seem) and He (10 seem) 


Total flow volume of reaction gas 120 seem calculated value of the residence time ft 


Example 6 

[0073] Material gas: DM-DMOS (25 seem) 
55 Addrtve gases Ar (3 seem) and He (0 seem) 


Total flow volume of reaction gas 28 seem calculated value of the residence time Rt 
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Example 7 

[0074] Material gas DM-DMOS (25 seem) 
Additive gases Ar {0 seem) and He (5 seem) 


TO 


15 


30 


3S 


40 


Total flow volume of reaction gas 30 seem caiC ulated value ot the residence time Rt 


was 
Example 8 


[0075] Material gas DM-0MOS (100 seem) 
Additrve gases H 2 (20 seem) and CH 4 (0 seem) 


Total flow volume of reaction gas: 120 seem calculated value of the residence time Rt 


Example 9 

[0076] Material gas: DM-DMOS (25 seem) 
20 Additrve gases H 2 (5 seem) and CH 4 (0 seem) 


Total flow volume of reaction gas: 30 seem calculated value of the residence time Rt 


25 Example 10 


[0077] Material gas DM-DMOS (25 seem) 
Addttrve gases H 2 (0 seem) and CH 4 (5 seem) 


is 


so 


ss 


Total flow volume of reaction gas. 30 seem calculated value of the residence time Rt 

Other colons and devices used .or ^^^^tlS^^ • - *• msulation fikn to 2 67 
was 1647 msec The conditions ,n this example reduced the reiairve i a ^ ^-quos having C 6 H S at 

10078] Thus, the above reveals that, n ^ffieSS?**-* fi,mS h3V ' n9 3 VerV '° W 

R1 and CH 3 at R2 and DM-DMOS having CH 3 at R1 and CH 3 at R2) can p oo 

relative dielectric constant (e < 3.1). replacing the PM-DMOS gas can render the same results 

effected with PM-DMOS does no. come into e«ecl with P JMOS ^ mate „ a| 

[00801 Further, the loltowmg will exam.ne differences «<*™"°™!r £xatT , o[e 4 although the How volumes and 
£5. Comparing Comparatrve Example 2 with the prese in „. fe 9 , alive dielectnc constant 
other conditions are iden.eal, the refctrve ^^^ t ^^S^ constant values resides in the ditlerence 
« o. PM-DMOS ,s 2 45 Such a large drrierence between pa, o. relative* unstable 0-CH 3 bonds 

in the molecular structures ol the material gases That* . ™ ^ % , jneaf ^, (termuta 7) lorms in a 

wh*h are prone to separate so that that fjJJ^S^S. <°™9 a m "= r0pOf6 P 0 ™* SUUC,U ' e "* 
gaseous state. Th* polymer * deposited ^J^^^J^L^ ln contrast, because P-TMOS has three 
Subsequently the revive da.ectr* ^^^^ Te Sri. t,me i. lengthened Acceding* the 

2prr^^ 


and their thermal stability 
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20 


25 


30 


35 


(1) Stability of Relative dielectric constant 

rooui Chanaes .n relative d.electre constant of the films were measured upon heating and hum.drty.ng the PM- 
□Tos f,lm and 9 me DM SmOS Mm m a pressure cooker That .. each Mm was formed on a Si wafer a, a ^ h,cKness of 
?um a dTs elT^ d.electr.c constant was measured upon formaton of the Mm and after bemg placed a, , SKfC and 
!^ humid',; J Sr" e hour The results are shown befcw No change ,n relate dielectrc constant of each Mm was 

detected, t e , indicating high stability characteristics. 

Table 2 

Relatrve dielectric constant 



(2) Thermal Stability 

100841 Based on a thermal desorpt.on test, thermal stably of film structures was evaluated That ... the samples of 
^Lo^ormed cTheTi wafer and DM-DMOS formed on the Si wafer were placed in a vacuum ^l^»> 
PM-DMOS tormea on me measuring the amount oi molecules desorpted from the film 

sponuiny iu DesorDtion began at approximately 450 C in PM-DMUb ana at 

,n e„her fi Im a, a £ w re ,a,r7e die.ec.re constant Mm. is generally for 

1 L ttenJetS Ises prices an .nsu.a.ion f.lm that has h.gh thermal .lability, high hum-dity-res.stance and 
fnven^ are Ulustrat-ve only and are not intended to l,mi, me scope of the present invention. 


40 

Claims 


45 


50 


55 


A method for forming a .toon, polymer msulaton „lm on a semiconductor substrate by pfcsma treatment, com- 

prising the steps of: 

directly vapor** a s..Kon<on,a,n,ng hydrocarbon compound to produce a matena. V^»J^ 
The method according to C*,m 1, where, the residence t^e ,s determined by correlating the relatrve d,eiec,r,c 
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constant with the residence time 

3. The method according to Cla.m 1 . wherein ,he alkoxy present ,n the s.licon<on.ain,ng hydrocarbon compound 
has 1 to 3 carbon atoms. 

4. The method according to Claim 1 . wherein the hydrocarbon present ,n the s.Ucc^on.aming hydrocarbon com- 
pound has 1 to 6 carbon atoms 

5. The method according to Claim 1 , wherein the silicon<ontaming hydrocarbon compound has 1 to 3 silcon atoms 

6 The method according to Clam 1, where.n the S ,lcon«onta,n,ng hydrocarbon compound has formula 
Si^FWOC,,^,),, wherein a is an integer of 1-3. p is 0. 1, or 2, n is an integer o. 1-3. and R is C,. s 
hydrocarbon attached to Si. 

rs 7. The method according to Cbim 1 , wherein the additive gas comprises at least either argon (Ar) or Helium (He) 

8 The method according to Claim 1 . wherein the additive gas comprises either an oxidizing agent or a reducing 
IJ^TShS agent * Jsed being determined by the ratio o. S, O ,n the material gas to form a silicone po.ymer «„m 
having predetermined properties. 

9 The method according to Claim 7, wherein the additive gas further comprises either an oxidizing agent or ^a reducing 
agent, which agent is used being determined by the ratio of Si O ,n the material gas to form a silicone polymer Mm 
having predetermined properties. 

u 10. The method according to Cteim 1 . wherein the s.licon-containing hydrocarbon compound is selected from the 
group consisting of: 


20 


30 


35 


R1 

I 

C„Hj^,- O - Si - O - Q,H 2 „„ 

I 

R2 


R1 

I 

R3 - Si - O - CH J1>+1 
I 

R2 


40 


45 


C„H, n4 ,-0- 


R1 R3 

I I 

Si-O-Si- 0-C.H Jn „, 

I I 
R2 R4 


R1 


R2 - Si - O - 


R3 


R6 
I 

Si - R5 

I 

R4 


50 


55 


R1 

I 

R2 - Si - R4 


I 


R3 
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u r h r H, or C c Hc and m and n are integers 
^em m . R2 R3. R* R5- and R6 are independent CH 3 . C 2 H 3 , C 2 H S . C 3 H 7 C 6 H S 

^ dinQ ,o CM 1 where, me Now o, me reaction gas . controlled ,o render me dielecmc 
11 The method according to Claim l.wnere 

constant of the s.leone polymer dim lower than 3 30 
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20 


25 


30 


35 


40 


45 


SO 


SS 


EP 0 935 283 A2 



EP 0 935 283 A2 


* Residence TtmeR t(m$ed 



Relative Dielectric Constant 1 
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Relative Dielectric Constant • 
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